Background Despite neoadjuvant chemotherapy and wide surgical ablation, 15% to 25% of patients with primary osteosarcoma will relapse (local recurrence or metastases). Neither chemotherapy nor radiation therapy alone will render a patient disease-free without concomitant surgical ablation of relapse. We prefer excision of relapse when possible. However, it is unclear whether excision enhances survival. Questions/purposes We therefore determined (1) onset, location, and treatments for relapse; (2) postrelapse diseasefree survival of patients who underwent surgical ablation and those who did not; and (3) relapse-free interval between initial diagnosis and first relapse in survivors and in those who died of their disease.
Introduction
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metastases to other bones. A biphasic pattern of disease failure (early and late) has been observed in posttreatment survivors of osteosarcoma with poor postrelapse survival [5] . The relapse of disease despite chemotherapy and surgical excision is a major setback for patients. The prognosis for patients with relapse remains poor with a median postrelapse survival of 14 months reported from one large cohort study of 235 patients [1] . A few studies report that survival after relapse is possible only if the relapse is completely resected. In the Cooperative Osteosarcoma Study Group (COSS) [2] , 39% of patients who underwent successful surgical ablation of relapse disease were alive at 5 years, whereas none of the patients in whom surgical clearance of relapse was not performed remained alive. Survival was also possible in 32% to 58% of those patients who subsequently developed second and subsequent relapses provided surgical clearance was performed [3] . Other studies have suggested that complete surgical clearance of relapse may enable 30% to 39% of relapsed patients to survive 7 to 10 years [1, 5] . Studies also suggest that relapse within 24 months of initial diagnosis is associated with a poor prognosis. Although recommendations for adjuvant chemotherapy or radiation remain uncertain, one study [2] suggests surgical ablation of relapsed disease and a late onset of relapse are associated with better survival. However, this notion requires confirmation.
We therefore report (1) the onset, location, and treatments carried out for relapse; (2) the postrelapse disease-free survival of patients who underwent surgical ablation of their relapse and those who did not; and (3) the relapse-free interval between initial diagnosis and first relapse in survivors and in those who died of their disease.
Patients and Methods
Between 1994 and 2009, we treated 52 children aged 3 to 18 years (median, 13 years) who presented with localized (nonmetastatic) extremity osteosarcoma with neoadjuvant chemotherapy surgery and postoperative chemotherapy. All patients had a biopsy-proven high-grade osteosarcoma and underwent a comprehensive pretreatment evaluation of their disease, which included plain radiography of the extremity and the chest, MRI of the affected extremity, a pulmonary CT examination, a Tc-99 MDP bone scan, and biochemical and hematological investigations. Fifteen of the 52 patients (29% of all patients with localized osteosarcoma) developed disease relapse (Table 1 ). There were 11 males and four females in this group with a mean age of 11 years (range, 6-17 years). The primary lesion involved the proximal tibia in six, the distal femur in four, and the proximal humerus in four patients. All patients had received neoadjuvant chemotherapy and had completed a postoperative course as per the Hong Kong Pediatric Sarcoma Group protocol. Limb salvage surgery was performed in 13 patients, all with wide margins; two patients underwent amputations and their margins were wide in one and radical in another. The minimum followup in this group of patients was 8 months (median, 86 months; range, 8-180 months) . No patients were lost to followup. No patients were recalled specifically for this study; all data were obtained from medical records.
All 15 patients received two cycles of preoperative neoadjuvant chemotherapy based on a standard protocol, which included high-dose methotrexate, Adriamycin, and cisplatin. Before surgery, pulmonary CT examination was obtained to reassess metastatic status and an MRI of the extremity was obtained to assess feasibility of achieving surgical resection and limb salvage.
All 15 patients had either wide local resection or amputation; the margin status was confirmed on histological analysis of the resected tumor. Briefly, a radiograph of the resected specimen was taken and a band saw used to split the specimen along its length. The tissues were inked and the entire specimen was divided into 12 to 16 blocks and then cut using a band saw. Each block was labeled and further sectioned into eight to 12 smaller blocks, from each of which 10 random sections were mounted on paraffin slides and selected for histological staining with hematoxylin and eosin to determine margins. The marrow, sections of the soft tissues, periarticular ligaments, and the biopsy tract were also examined for adequacy of margin. Chemonecrosis was assessed using the grading system of Huvos et al. [6] . More than 90% necrosis on the histological sections was considered a good response to chemotherapy. Of the 15 relapsed patients, five had a good response to chemotherapy, whereas 10 had a poor response. The postoperative chemotherapy protocol was initiated within 2 weeks after surgery in all study patients.
All patients were followed at a single multidisciplinary clinic in a single institution. After completion of chemotherapy, all patients were followed up every 6 weeks for the first 2 years, every 2 to 4 months for years 3 to 5, and every 6 months from year 6 onward. During each visit, chest and surgical site radiographs were obtained. Chest CT was performed at 6 monthly intervals or as needed. Surgical site MRI was performed every 6 months.
Treatment of disease relapse included surgical resection whenever feasible, chemotherapy, or radiotherapy.
The relapse-free interval, treatment of the relapse, postrelapse disease-free survival, and overall survival are reported. Survival analysis was performed based on the Kaplan-Meier method [8] using a commercially available statistics software program (SPSS for Windows Version 15.0, Chicago, IL, USA). 
Results
In these 15 patients, disease relapsed at a median of 28 months (range, 0.7-12.6 months) from diagnosis; three had a relapse 5 years after the diagnosis of their primary lesion. Relapse was confirmed with image-guided biopsy in all cases. The most common site of relapse was the lung in 10 patients followed by bone in four patients, whereas a solitary patient developed an intracardiac lesion. Surgical resection for relapsed lesions was performed in nine patients. The surgeries included pulmonary metastasectomy in five and resection of bony lesions in four (sacrectomy, one; 12 th rib excision, one; wide local excision of femur, two) and wide margins were attained in all. Two patients in this group also received preoperative chemotherapy (one with distal femoral relapse and another with pulmonary lesions in both lungs). Another received postoperative radiation to the bed of the 12 th rib after excision (external beam radiation, 30 Gy in 10 fractions). Of the six patients who did not receive surgical treatment, the disease was considered too extensive for surgery. Chemotherapy was given to four patients, whereas the remaining two developed progression of disease and died without any intervention. A second relapse occurred in four patients (proximal femur in one, the lumbar spine in one, proximal femur and lumbar spine in one, and lung in one). Complete surgical clearance of the disease was possible in two of these four patients (disarticulation of the hip in one, pulmonary lobectomy in the other). In the two other patients who developed a second relapse, complete surgical clearance of the relapse could not be accomplished although the relapse in the proximal femur was cleared through a wide local resection in one and a disarticulation in the other. In both of these patients, the disease in the lumbar spine was too extensive to consider any meaningful surgical clearance. Palliative external beam radiotherapy, primarily for pain control, was given, but it did not control the disease.
In the surgically treated group, seven of the nine patients were alive at last followup with a median postrelapse disease-free survival of 78 months (range, 37-166 months) and a median overall survival of 141 months (range, 85-190 months). Six of these seven patients have no evidence of disease, whereas one remains alive but was diagnosed as having a glioblastoma. She is in stable remission after surgery. Two patients died of their disease 26 and 50 months after relapse. All six patients with relapse who were not surgically treated had disease progression and died within 40 months of relapse and an overall survival ranging from 7 to 91 months. The survival curve of patients with and without surgical treatment of relapse has been depicted using the Kaplan-Meier method [8] (Fig. 1) . The 95% confidence interval for median survival in the surgically treated group was 116 to 157 months as compared with 9 to 38 months in the nonoperated group.
The relapse-free interval (RFI) between initial diagnosis and first relapse ranged from 7 to 152 months ( Table 1 ). The median RFI in patients who survived was 34 months (range, 17-152 months) as compared with a median of 17 months (range, 7-40 months) in patients who died after relapse.
Discussion
Relapse of osteosarcoma develops not only in patients who do not respond to systemic chemotherapy, but may also develop in patients who attain complete remission of their primary disease. Current published data [3] suggest that postrelapse survival is possible only if the patient is rendered disease-free and attains a second complete remission. Although surgical resection of the relapse seems mandatory for attaining a second complete remission, the role of chemotherapy and other adjuvant modalities of therapy is less defined. We therefore report (1) the onset, location, and treatments carried out for relapse; (2) the postrelapse disease-free survival of patients who underwent surgical ablation of their relapse and those who did not; and (3) the RFI between initial diagnosis and first relapse in survivors and in those who died of their disease.
We recognize the limitations of our study. First, ours was a retrospective analysis of a small number of patients (15) with relapse. The possible heterogeneity and potential confounding variables make statistical comparisons between the patients with and without resection impractical, yet there are noteworthy differences in subgroups that reinforce published evidence. Second, all our patients are in the pediatric age group (maximum age, 18 years) and have been followed up and treated by a single multidisciplinary team following a standardized protocol thereby minimizing treatment variables. Importantly, our series comprises systemic relapse, not local recurrence, which is a predictor of poor survival. Is surgical resection required for survival? Current published evidence suggests so, and our findings concur. Ferrari et al. [5] reported on 69 (54%) of 127 patients with osteosarcoma with localized disease who developed relapse at a median of 14 months (range, 2-96 months) after successful completion of initial treatment. Patients who had a complete resection of relapsed disease had a 30% probability of 10-year survival. Those patients who could not be operated on because of extensive disease received chemotherapy and/or radiation, but all died within 40 months of their relapse. Patients with a relapse-free interval longer than 24 months had a 40% 8-year survival rate compared with a 7% 8-year survival rate in those with a shorter relapse-free interval (Table 2) . A followup study reported by Bacci et al. [1] echoed similar findings. Of the 235 patients with relapse, surgical clearance in 173 enabled 52 (30%) to attain complete remission and remain diseasefree at 85 months. A detailed analysis of 576 patients in the COSS [2] who developed relapse after first complete remission indicated that surgical clearance of the disease was the main factor in determining survival; 39% of 339 patients who underwent successful surgical ablation of disease were alive at 5 years. None of 229 patients in whom surgical clearance was not performed were alive at followup. A further 249 of the 576 study patients in the COSS report developed a second relapse [3] . Even in this subgroup of relapsed patients, survival was possible only through surgical ablation of disease. Five-year survival with complete surgical clearance in 119 patients was 32% for the second recurrence, 26% for the third recurrence, 28% for the fourth relapse, and 58% for the fifth relapse. None of the 130 patients without surgery attained complete remission and only three were alive at 5 years. In our study, none of the six patients who did not receive surgery attained complete remission and they all eventually died. The feasibility of surgical resection almost always determines the decision to offer surgery. We were unable to offer surgical resection for the first relapse in six patients (either both lungs and mediastinum involved or multiple lung nodules) and for the second relapse in two patients (extensive involvement of the lumbar vertebrae). In contrast, the postrelapse disease-free survival in surgically operated patients who attained complete remission ranged from 37 to 166 months (3-14 years) and the overall survival from 85 to 190 months (7-16 years). Does a longer RFI predict better survival? Current evidence suggests patients with late relapse have a better chance of survival than those with early relapse. Survival was better in patients with a longer RFI: RFI more than 24 months, survival 53% at 3 years [4] and 40% at 8 years [5] compared with 23% and 7% in patients with RFI less than 24 months. In our study, the median RFI of 34 months in patients who survived was twice as long when compared with patients who died (RFI 17 months). Three of our patients developed late relapses, two with a RFI of approximately 5 years and one with a RFI of 13 years. One can only speculate whether the late relapse reflects a biologically altered disease or whether it represents a selection of a small population of chemoresistant cells that remains refractory to chemotherapy. Whether the feasibility of surgical ablation is influenced by this less aggressive variant of disease is arguable.
In conclusion, prolonged survival is possible in relapsed osteosarcoma provided the patient attains complete clinical remission after relapse. All the evidence published to date suggests that surgical ablation is the only means to attain and maintain complete remission. Neither chemotherapy nor radiation is an alternative to surgical clearance of relapse disease but both may be considered for palliative benefits. Continued disease surveillance after 5 years is necessary given that patients with possible late relapse have better survival if surgically treated. Prompt and aggressive surgical treatment of relapse must be pursued to provide postrelapse clinical remission and long-term survival.
